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(54) ENDOSCOPIC OPERATING SYSTEM AND ENDOSCOPIC OPERATING PROGRAM

(57) Provided is an endoscopic operating system, in-
cluding: a sensor section for detecting movement of at
leastone of a head part and an upper body of an operator;
a control section for driving one or more actuators, cor-
responding to the movement detected by the sensor sec-
tion; a holding arm unit supported to be reciprocatable
and rotatable by the actuator and one or more displacing
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mechanisms connected to the actuator; an image cap-
turing section provided at an arbitrary part of the holding
arm unit through a joint section capable of freely change
an image capturing angle by the actuator; and a display
section for displaying an image captured by the image
capturing section on a screen.

FIG. 1

COMPUTING UNIT
TRANSFORMING UNIT

DRIVE CONTROL UNIT

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 979 605 A1 2

Description
Technical Field

[0001] The presentinvention relates to an endoscopic
operating system and an endoscopic operating program.

Background Art

[0002] Inafield of surgery, endoscopic surgery is wide-
ly performed instead of abdominal surgery because of
the advantages of endoscopic surgery such as quick re-
covery after surgery and the small size of a cut made by
surgery. For such endoscopic surgery, a master-slave
endoscopic operating system allowing remote control
has been proposed. As disclosed for example by Patent
Literature 1, on such an endoscopic operating system,
the magnification factor of the zoom lens of an endoscope
is controlled based on a detection output from an attitude
sensor that is arranged in a head mount display (herein-
after, also referred to as an HMD) to detect the movement
of the head of an operator. The movement of the head
part of the operator is recognized by a displacement of
the attitude sensor relative to a magnetic source gener-
ating a magnetic field. In such a manner, for example,
when the operator turns left with respect to a patient, a
left image based on captured image data obtained
through the solid-state image sensing device of the en-
doscope is displayed on a pair of liquid crystal monitors
in the HMD, and when the operator moves toward the
patient, a visual field magnified by the zoom lens is ob-
tained. Accordingly, the operator can three dimensionally
observe the inside of the body cavity into which the en-
doscope has been inserted.

[0003] The endoscope grapping device disclosed in
Non-patent Literature 1 is configured with a five node link
mechanism, a ball joint section for holding a tracker pen-
etrating through the abdominal wall by the abdominal wall
part, and a driving section and an operating section for
driving the link mechanism. With this configuration, the
laparoscope, which is a kind of endoscopes, is a zoom
type, can quickly switch a short distance and a long dis-
tance of a screen and a distant screen, and it is consid-
ered that the zoom type laparoscope can quickly move
by a controller switch to a position that the operator wants.

Related Art Documents
Patent Literature
[0004] Patent Literature 1: JP 10-309258 A
Non-Patent Literature

[0005] Non-PatentLiterature 1 : Iryo-yo Naishikyo Haji

Souchi (Medical Endoscope Gripping Device) "Naviot" ,
catalog, issued by Hitachi Hybrid Network Co., Ltd.
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Disclosure of the Invention
Problems to be Solved by the Invention

[0006] As shown in FIG. 4, on each device described
in Patent Literature 1 and Non-Patent Literature 1, if the
image capturing direction of an endoscope is parallel (im-
age capturing angle 6=0°) with the direction of a holding
armunit 110 holding the endoscope (a case of a so-called
straight view scope), when at least one of the head part
and the upper body of an operator OP is moved forward
or backward, an endoscope 124 also moves forward or
backward in association. Accordingly, image capturing
is performed on an image capturing object as a near im-
age (zoomed in) and as a distantimage (zoom out) to be
displayed on a display section 132 that displays an image
captured by the endoscope 124 on a screen. Thus, it is
possible to intuitively operate the endoscope 124 without
a particular problem.

[0007] However, as shown in FIG. 5, if the image cap-
turing direction of the endoscope 124 is made different
(image capturing angle #0°) from the direction of the hold-
ing arm unit 110 holding the endoscope 124 (a case of
a so-called oblique view scope), there is a problem that
intuitive operation is impossible unlike a straight view
scope. Concretely, for example, if the endoscope 124 is
directed vertically downward by a joint section 126 pro-
vided on the holding arm unit 110, when at least one of
the head part and the upper body of the operator OP is
moved forward or backward likewise as above in order
to capture a zoomed-in image or a zoomed-out image,
the endoscope 124 that is capturing an image downward
is moved forward or backward. Accordingly, on the dis-
play section 132, an image captured downward is only
moved upward or downward (forward or backward), and
a zoomed-in image or a zoomed-out image cannot be
obtained.

[0008] Incidentally, if it is tried to capture a zoomed-in
image or a zoomed-out image while the endoscope 124
is capturing an image downward, the operator OP needs
not to move forward or backward at least one of the head
part and the upper body of the operator OP, but needs
to change the inclination angle of atleast one of the head
part and the upper body, or to perform bending and
stretching exercises in order to move upward or down-
ward the endoscope 124 or perform zooming in or zoom-
ing out. Accordingly, there is a problem with an oblique
view scope of impossibility of intuitive operation as de-
scribed above unlike a straight view scope.

[0009] An object of the present invention is to provide
an endoscopic operating system and an endoscopic op-
erating program enabling intuitive operation regardless
of the image capturing angle of an endoscope.

Means for Solving the Problems

[0010] [1] An endoscopic operating system includes:
a sensor section for detecting movement of at least one
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of ahead part and an upper body of an operator; a control
section for driving one or more actuators, corresponding
to the movement detected by the sensor section; a hold-
ing arm unit supported to be reciprocatable and rotatable
by the actuator and one or more displacing mechanisms
connected to the actuator; an image capturing section
provided at an arbitrary part of the holding arm unit
through ajoint section capable of freely change animage
capturing angle by the actuator; and a display section for
displaying an image captured by the image capturing
section on a screen, wherein the control section includes:
a computing unit for computing an angular velocity and
a translation velocity from the movement detected by the
sensor section; a transforming unit for transforming the
angular velocity and the translation velocity into a target
angular velocity vector and a target translation velocity
vector of the holding arm unit, taking into account the
image capturing angle of the image capturing section by
the joint section, and further performing transformation
into a velocity target value of the displacing mechanism
by using the target angular velocity vector and the target
translation velocity vector in order to obtain a position
target value from the velocity target value; and a drive
control unit for driving the actuator according to the po-
sition target value.

[0011] The endoscopic operating system according to
the invention is arranged as follows. The control section
computes the movement of the operator, i.e., the angular
velocity and the translation velocity of at least one of the
head part and the upper body, taking into account the
image capturing angle of the image capturing section by
the joint section; transforms these into the target angular
velocity vector and the target translation velocity vector
ofthe holding arm unit; further transforms into the velocity
target value of the displacing mechanism, using these,
to obtain the position target value from this velocity target
value; and drives the actuator, according to this position
target value. Thus, intuitive operation is possible, regard-
less of the image capturing angle of the endoscope.
[0012] [2] The endoscopic operating system according
to the invention is preferably arranged such that: spatial
coordinates of the sensor section for detecting the angu-
lar velocity and the translation velocity of the head part
of the operator are spatial coordinates with a central axis
of the neck of the operator as y axis, leftward-rightward
direction of the operator as x axis, and forward-backward
direction of the operator as z axis; special coordinates of
the image capturing section are spatial coordinates with
leftward-rightward direction of the image capturing sec-
tion as x axis, upward-downward direction of the image
capturing section as y axis, and optical axis direction of
the image capturing section as z axis; and control is per-
formed to make variation of position and acceleration of
the head part of the operator and corresponding position
variation of the image capturing section are the same,
regardless of a bending state of the holding arm unit and
the joint section.

[0013] In the endoscopic operating system according
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to the invention, the spatial coordinates of the operator
and the spatial coordinates of the image capturing sec-
tion agree with each other, and the position variation of
the image capturing section agrees, corresponding to the
variation of the position and the acceleration of the head
part of the operator. Accordingly, intuitive operation is
possible, regardless of the image capturing angle of the
endoscope.

[0014] [3] The endoscopic operating system according
to the invention is preferably arranged such that: in per-
forming the control, the image capturing angle of the im-
age capturing section is represented by a matrix, and the
matrix is used in coordinate transformation from the var-
iation of the head part of the operator into position vari-
ation of the holding arm unit and the joint section.
[0015] In the endoscopic operating system according
to the presentinvention, the image capturing angle of the
image capturing section is represented by a matrix, and
this is used for coordinate transformation from the action
of the head part of the operator to the action of the holding
arm unit. Accordingly, the spatial coordinates of the op-
erator and the spatial coordinates of the image capturing
section agree with each other more surely, and the po-
sition variation of the image capturing section corre-
spondingly agrees with the variation of the position and
the acceleration of the head part of the operator. Accord-
ingly, intuitive operation is possible, regardless of the im-
age capturing angle of the endoscope.

[0016] [4] The endoscopic operating system according
to the present invention is preferably arranged such that
the transformation unit transforms the angular velocity
and the translation velocity into the target angular velocity
vector and the target translation velocity vector of the
holding arm unit, based on following Expressions (1) and

@).

Oref~Rh Re T - @Wema .. (1)

Vret = RhRe T - Viemd (2)
In Expressions (1) and (2),

oref FEPresents a target angular velocity vector of the
holding arm unit,

Vief Fepresents a target translation velocity vector of
the holding arm unit,

and R, represents a matrix representing attitude of
the holding arm unit and is obtained by computation
of forward kinematics of Expression (3) below from
displacement by the displacing mechanism,

R, represents a matrix representing image capturing
angle 6 of the image capturing section and ex-
pressed by Expression (4) below,

T represents a transformation matrix for transforma-
tion from a coordinate system that is set for the sen-
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sor section into a coordinate system that is set for
the holding arm unit,

®’¢mq IS Obtained by limiting an angular velocity in-
struction vector w.y,q of the holding arm unit by a
limiting value, the angular velocity instruction vector
®mq being expressed by Expression (5) below,
and v’;,,q is obtained by limiting a translation velocity
instruction vector v;,q of the holding arm unit by a
limiting value, the translation velocity instruction vec-
tor vomg being expressed by Expression (6) below.

Ry = Eial Eia2 Eka4 _, (3)
Re=E?° ...(4)

.(5)

Wemd — Kr‘ Ms ..

Vemd— (O, O, K, VZ) t (6)

In Expressions (3) to (6),

E represents a rotation matrix,

i, j, and k respectively represent rotations around x,
y, and z axes

q1, g2, and g4 represent respective displacements
by the displacing mechanism,

0 represents the image capturing angle of the image
capturing section,

K. represents a factor matrix representing a velocity
gain,

g represents a three dimensional angular velocity
vector detected by the sensor section,

K, represents a gain that is set by a user,

v, represents a velocity in head part forward-back-
ward direction,

and t represents that the matrix is a transposed ma-
trix.

[0017] In the endoscopic operating system according
to the presentinvention, the transforming unit transforms
the angular velocity and the translation velocity computed
from the action of at least one of the head part and the
upper body into the target angular velocity vector and the
target translation velocity vector of the holding arm unit
by Expressions (1) and (2), introducing the matrix Rc
expressed by Expression (4) in order to take into account
the image capturing angle of the image capturing section
by the joint section, and thereafter the actuator is driven.
Accordingly, intuitive operation can be more surely per-
formed, regardless of the image capturing angle of the
endoscope.

[0018] [5] Anendoscopic operating program according
to the present invention is am endoscopic operating pro-
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gram for operating the endoscopic operating system ac-
cording to above [1], wherein the program makes a com-
puter function as: a computing unit for computing an an-
gular velocity and a translation velocity from a movement
detected by the sensor section; a transforming unit for
transforming the angular velocity and the translation ve-
locity into a target angular velocity vector and a target
translation velocity vector of the holding arm unit, taking
into account image capturing angle of the image captur-
ing section by the joint section, and further performing
transformation, by use of these, into a velocity target val-
ue of the displacing mechanism to thereby obtain a po-
sition target value from the velocity target value; and a
drive control unit for driving the actuator, according to the
position target value.

[0019] The endoscopic operating program according
to the invention can make a computer function as the
above-described computing unit, the transforming unit,
and the drive control unit. Accordingly, intuitive operation
is possible, regardless of the image capturing angle of
the endoscope.

Advantages of the Invention

[0020] By an endoscopic operating system according
to the presentinvention, the action of an operatoris trans-
formed into a target angular velocity vector and a target
translation velocity vector of the holding arm unit, taking
into account the image capturing angle of the image cap-
turing section by the joint section; further transforms into
a velocity target value of a displacing mechanism by the
use of these; obtains the position target value from this
velocity target value; and drives the actuator, according
to this position target value. Accordingly, intuitive oper-
ation is possible, regardless of the image capturing angle
of the endoscope.

[0021] By anendoscopic operating program according
to the present invention, a computer transforms the ac-
tion of an operator into a target angular velocity vector
and a target translation velocity vector of the holding arm
unit, taking into account the image capturing angle of the
image capturing section by the joint section; further trans-
forms into a velocity target value of a displacing mecha-
nism by the use of these; obtains a position target value
from this velocity target value; and drives the actuator,
according to this position target value. Accordingly, intu-
itive operation is possible, regardless of the image cap-
turing angle of the endoscope.

Brief Description of the Drawings
[0022]

FIG. 1 is an entire configuration diagram showing
one embodiment of an endoscopic operating system
according to the present invention wherein an oper-
ator is also shown;

FIG. 2 is a block diagram showing the configuration
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in the one embodiment of the endoscopic operating
system according to the invention;

FIG. 3 is a block diagram illustrating the process by
a computing unit and a transforming unit of a velocity
control computing section;

FIG. 4 is aschematicillustration showing an example
of an embodiment of a conventional endoscopic op-
erating system; and

FIG. 5 is a schematic illustration showing another
example of an embodiment of a conventional endo-
scopic operating system.

Embodiment for Carrying Out the Invention

[0023] In the following, an embodiment of an endo-
scopic operating system and an endoscopic operating
program according to the present invention will be de-
scribed in detail, referring to the drawings, as appropriate.

[Endoscopic Operating System]

[0024] FIG. 1 is an entire configuration diagram show-
ing one example of an endoscopic operating system 1
according to the present invention wherein an operator
(surgery operator) OP is also shown.

[0025] InFIG. 1, the endoscopic operating system 1 is
provided with a sensor section 3, a control section 40
connected with the sensor section 3, a holding arm unit
10 connected with the control section 40, an endoscope
24 held by the holding arm unit 10, and display sections
32 for displaying on a screen an image captured by the
endoscope 24.

[0026] Incidentally, the endoscope 24 is provided with
an image capturing section 25 arranged at an arbitrary
part of the holding arm unit 10 through a joint section 26
capable of freely changing the image capturing angle by
an actuator. The endoscope 24 is arranged to function
as an oblique view scope and a straight view scope by
this joint section 26.

[0027] The controlsection40includesacomputing unit
45, a transforming unit 46, and a drive control unit 47.
[0028] The display sections 32 are arranged inside a
head mount display 30 (hereinafter, also referred to as
an HMD 30) removably attached to the head part of the
operator OP.

[0029] The endoscopic operating system 1 according
to the present embodiment shown in FIG. 1 is arranged
to perform intuitive translation operation of the visual field
such as zooming in and zooming out for an image to be
captured by forward and backward translating the head
part or the upper body similarly to everyday action. In
most cases, as the whole upper body is inclined in moving
the head part forward or backward, not only the transla-
tion movement of the head part is directly detected, but
also the inclination angular velocity of the upper body is
also detected by attaching a sensor section 3, for exam-
ple, a gyro sensor 36 (also called a gyroscope or the like)
attached to the head part of the operator OP, an upper
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body gyro sensor 37 attached to the chest part, and ge-
omagnetic sensors 34 (see FIG. 2). The translation op-
eration of the visual field is realized, using an output value
of this detection.

[0030] Concretely, for the endoscopic operating sys-
tem 1, in the spatial coordinate system of the sensor sec-
tion 3 for detecting the angular velocity and the translation
velocity of the head part of the operator OP, the central
axis of the neck of the operator OP is defined as y axis,
the leftward-rightward direction of the operator OP is de-
fined as x axis, and the forward and backward direction
of the operator OP is defined as z axis. In the spatial
coordinate system of the image capturing section 25, the
leftward-rightward direction of the image capturing sec-
tion 25 is defined as x axis, the upward-downward direc-
tion is defined as y axis, and the optical axis direction is
defined as z axis, wherein control is performed such that
the variation in the position of theimage capturing section
25 and the corresponding variation in the position and
the acceleration of the heat part of the operator OP are
the same, regardless of the bending state between the
holding arm unit 10 and the joint section 26. Incidentally,
in order to perform such control, it is preferable that the
image capturing angle of the image capturing section 25
is represented by a matrix, and the matrix is used for
coordinate transformation from the action of the heat part
of the operator OP to the action of the joint section 26 of
the holding arm unit 10 and the joint section 26. If such
a configuration is adopted for the endoscopic operating
system 1, the spatial coordinates of the operator OP and
the spatial coordinates of the image capturing section 25
agree with each other, and the position variation of the
image capturing section 25 agrees with the variation of
the position and the acceleration of the head part of the
operator OP so that it is possible to perform intuitive op-
eration regardless of the image capturing angle of the
endoscope 24.

[0031] For example, as shown in FIG. 1, the sensor
section 3 including the gyro sensor 36, the upper body
gyro sensor 37, and the geomagnetic sensors 34 is at-
tached to the head part or the chest part of the operator
OP to thereby detect the inclination angular velocity of
the upper body. Then, from this detected inclination an-
gular velocity of the upper body, the forward-backward
translation velocity of the head part is computed to be
used as an instruction value for zooming operation and
the like. For example, if the upper body is inclined for-
ward, the visual field is zoomed in, and if the upper body
is inclined backward, the visual field is zoomed out.
[0032] Incidentally,in orderto perform easierand more
intuitive zooming operation of the visual field of the en-
doscope 24, when a person naturally moves the heat
partwith forward-backward and leftward-rightward trans-
lation, not only the movement of the neck and a higher
part but also the rotation movement with inclination from
the upper body, i.e., the velocity of the rotation
movement ,with the vicinity of the waist as the center
(upper body inclination angular velocity), is preferably
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detected by the sensor section 3 (the upper body gyro
sensor 37). Thus, the forward-backward translation ve-
locity of the head part can be computed from the angular
velocity of the upper body, and can be used as an in-
struction value of the zooming operation and the like.
Further, as described later, movement of the head part
with five degrees of freedom at least can be detected by
combining this and outputs from the sensor section 3,
such as the gyro sensor 36, the gyro sensor 37, and the
geomagnetic sensors 34.

[0033] As described above, the endoscope 24 is pro-
vided with the image capturing section 25 arranged at an
arbitrary part of the holding arm unit 10 through a joint
section capable of freely changing the image capturing
angle by an actuator.

[0034] Further, the endoscope 24 is configured, includ-
ing an operating section 62 (see FIG. 2) for performing
control of the optical system of the image capturing sec-
tion 25 and a connecting section (not shown) connected
to the operating section 62 to connect a light source and
the like to the operating section 62.

[0035] The image capturing section 25 is configured,
including an optical section (not section) with an objective
lens and the like, a solid-state image sensing device (not
shown), and a zooming mechanism section (not shown)
that includes an actuator (not shown) and controls the
lenses of the optical section to magnify or reduce an im-
age obtained by the image capturing section 25. The
zooming mechanism section of the image capturing sec-
tion 25 is controlled by a later-described endoscope con-
trol unit (see FIG. 2). Alight guide (not shown) is provided
adjacent to the objective lens of the image capturing sec-
tion 25. The light guide is used to irradiate the inside of
a body with a light introduced from the above-described
light source.

[0036] Incidentally, as the endoscope 24, either a hard
endoscope or a soft endoscope can be adopted.
[0037] As shown in FIG. 1, the HMD 30 is attached to
the heat part of the operator OP. The HMD 30 is provided
with a left-right pair of display sections 32 at positions
corresponding to the respective eyes of the operator OP,
facing the front of the face of the operator OP. The display
sections 32 are used to display, for example, a color im-
age in a three dimensional format. Incidentally, the dis-
play sections 32 are not limited to such an example, and
may be one that displays a monochrome image in a two
dimensional format.

[0038] The entire HMD 30 follows the movement of the
head part of the operator OP. Thatis, as shown by arrows
in FIG. 1, in a view from the operator OP side, the HMD
30 is allowed to rotate (right turning) in the right direction
(clockwise) with the neck as the central axial line, rotate
(left turning) in the left direction (counterclockwise) with
the neck as the central axial line, rotate (bending or
stretching) in the perpendicular direction to the neck, in-
cline (right side bending) in the right direction with respect
to the neck, and incline (left side bending) in the left di-
rection with respect to the neck.
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[0039] Further, the HMD 30 is provided with a sensor
section 3 including the gyro sensor 36 and the geomag-
netic sensors 34 (see FIG. 2) for detecting the above-
described rotating, side bending, bending, and stretching
of the HMD 30. Detected outputs from the gyro sensor
36 and the geomagnetic sensors 34 are provided to the
later-described control section 40. Incidentally, acceler-
ation sensors may be used instead of the geomagnetic
sensors 34.

[0040] The holding arm unit 10 is supported by a mount
(not shown) adjacent to an operating table separated
from the operator OP, through the bracket (not shown)
of a vane motor unit 16. As shown in FIG. 1, the holding
arm unit 10 is configured, including a chassis for movably
supporting a vane motor 20 that rotatably supports the
endoscope 24, a pneumatic cylinder 18 that is fixed to
the chassis to make the endoscope 24 and the vane mo-
tor 20 close to the patient or distant from the patient, the
vane motor unit 16 supported through a parallel link
mechanism 14 whose one end portion is supported by
the above-described chassis, a rotating shaft section for
rotating the above-described entire chassis by being ro-
tated through a timing belt pulley connected to the output
shaft of the vane motor unit 16 and a timing belt, and a
pneumatic cylinder 12 for driving the parallel link mech-
anism 14, as main elements.

[0041] Incidentally, the vane motor unit 16, the vane
motor 20, the pneumatic cylinder 18, the pneumatic cyl-
inder 12, and the like are elements of one example of an
actuator, and the parallel link mechanism 14, the timing
belt pulley the rotating shaft section, and the like are el-
ements of one example of a displacing mechanism.
[0042] One end of a link member constructing a part
of the parallel link mechanism 14 is connected to the
rotating shaft section, and the other end portion of the
link member is connected to the chassis. Thus, for ex-
ample, when the rod of the pneumatic cylinder 12 con-
nected to the parallel link mechanism 14 is in an elon-
gated state, the chassis in FIG. 1 is clockwise rotated
with the lower end of the rotating shaft section as the
center. On the other hand, when the pneumatic cylinder
12 is in a contracted state, the chassis in FIG. 1 is coun-
terclockwise rotated with the lower end of the rotating
shaft section as the rotation center. That is, as described
later, the image capturing section 25 of the endoscope
24 is arranged to be movable in a direction corresponding
to the rotation (bending, stretching) of the head part in
the perpendicular direction to the neck of the operator
OP at the HMD 30, with the rotation center point GP as
the center. The rotation center point GP is on a line com-
mon with a later-described rotation axis line G of the ro-
tating shaft section, and is located in the vicinity of the
body wall of the patient. The rotation axis line G is set
such as to be parallel with Lx coordinate axis of the or-
thogonal coordinate system in FIG. 1 for the holding arm
unit 10. Lx coordinate axis is set in a direction perpen-
dicular to the body wall of the patient. Coordinate axis Lz
is set perpendicular to Lx coordinate axis.
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[0043] The pneumatic cylinder 18 is supported by the
chassis such that the rod thereof is substantially parallel
to the central axis line of the endoscope 24. When the
rod of the pneumatic cylinder 18 is elongated, the image
capturing section 25 of the endoscope 24and the vane
motor 20 in FIG. 1 move with the entire chassis with these
attached, in a direction separating from the patient. On
the other hand, when the rod of the pneumatic cylinder
18 is contracted, the image capturing section 25 of the
endoscope 24 and the vane motor20in FIG. 1 are moved
with the chassis with these attached, in a direction ap-
proaching to the patient.

[0044] At positions on the rotating shaft section ar-
ranged in parallel with the vane motor unit 16, the posi-
tions being separated from each other with a certain in-
terval along the central axis line of the rotating shaft sec-
tion, one ends of link members constructing the parallel
link mechanism 14 are respectively connected. The ro-
tating shaft section is supported by the vane motor unit
16 rotatably around the rotation axis line G. Thus, when
the vane motor unit 16 is made in an operation state, the
image capturing section 25 and the vane motor 20 can
rotate around the rotation axis line G. That is, as de-
scribed later, the image capturing section 25 is made
movable in a direction corresponding to the rotation of
the head part of the operator OP at the HMD 30 around
the neck.

[0045] The part of the endoscope 24, the part being in
the vicinity of the operating section, is rotatably supported
by the vane motor 20. Thus, the image capturing section
25 of the endoscope 24 can rotate (roll) by a certain angle
around the rotation axis line G of the vane motor 20. That
is, as described later, the image capturing section 25 of
the endoscope 24 is moved in a direction corresponding
to the side bending of the operator OP at the HMD 30.
[0046] Further, in the one example of the endoscopic
operating system 1 according to the present embodi-
ment, as shown in FIGS. 1 and 2, the endoscopic oper-
ating system 1 is provided with the control section 40 for
performing action control of the holding arm unit 10 and
an endoscope control system 60.

[0047] AsshowninFIG. 2, the endoscope control sys-
tem 60 is configured, including an endoscope control unit
64 for performing operation control of a zooming mech-
anism section (not shown) of the endoscope 24 and the
light source, based on a group of instruction signals from
the operating section 62, and an image processing PC
66 for performing a certain image process, based on im-
age capturing data DD obtained from the solid-state im-
age sensing device of the endoscope 24 via the endo-
scope control unit 64. Incidentally, the zooming mecha-
nism section can be implemented by general means ca-
pable of performing zooming in and zooming out of an
image captured by the image capturing section 25.
[0048] Theimage processing PC 66 performs a certain
image process, based on image capturing data DD,
forms image data ID, and provides image data ID to the
control section 40 and the HMD 30. Thus, an image
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based on the image data ID from the image processing
PC 66 is displayed on the display sections 32 of the HMD
30 in a three dimensional format.

[0049] Then, as shownin FIG. 2, to the control section
40, transmitted are a group of signals GS representing
angular velocity vectors in the above-described respec-
tive directions of the head part of the operator OP output
from the gyro sensor 36 of the HMD 30, a group of signals
EM representing inclination angles in the above-de-
scribed respective directions of the head part of the op-
erator OP output from the respective geomagnetic sen-
sors 34, an instruction signal Cf representing instruction
to stop the action of the holding arm unit 10 from an ON-
OFF switching foot switch 50, and an instruction signal
Cz1 representing an instruction to increase the zoom
amount of the endoscope 24 by a certain amount or an
instruction signal Cz2 representing an instruction to de-
crease the zoom amount ofthe endoscope 24 by a certain
amount, the instruction Cz1 or Cz2 being output from the
upper body gyro sensor 37.

[0050] The controlsection40is provided with a storage
section 40M for storing program data on the vane motor
unit 16, the vane motor 20, and air pressure control of
the pneumatic cylinder 12 and the pneumatic cylinder
18, image data ID from the image processing PC 66, data
representing a computation result by a velocity control
computing section 48, the group of signals EM represent-
ing the inclination angles output from the geomagnetic
sensors 34, and the like.

[0051] The control section 40 includes a communicat-
ing section 42 for bi-directional transmitting and receiving
of control data CD to and from the communicating section
54 of a valve unit controller 56. Based on control data
CD from the control section 40, the valve unit controller
56 forms control signals DM1, DM2, DC1, and DC2 to
control the vane motor unit 16, the vane motor 20, the
pneumatic cylinder 12, and the pneumatic cylinder 18 of
the above-described holding arm unit 10, and transmits
these signals to a valve unit 58. Based on the control
signals DM1, DM2, DC1, and DC2, the valve unit 58 con-
trols respective valves, and supplies operating air from
an air supply source to the vane motor unit 16, the vane
motor 20, the pneumatic cylinder 12, and the pneumatic
cylinder 18 of the holding arm unit 10.

[0052] Incidentally, although in the above-described
example the valve unit controller 56 is provided, the in-
vention is not limited to this example. For example, in-
stead of using the valve unit controller 56, the control
section 40 and the valve unit 58 maybe directly wired
with each other so that the holding arm unit 10 is control-
led by the control section 40.

[0053] The control section 40 controls the insertion
amount and the velocity of the inserting portion of the
endoscope 24 into the body of the patient, and controls
the holding arm unit 10 to make the holding arm unit 10
act in order perform attitude control of the image captur-
ing section 25 of the endoscope 24.

[0054] As shown in FIG. 1, the velocity control com-
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puting section 48 of the control section 40 includes the
computing unit45, the transforming unit 46, and the drive
control unit 47.

[0055] Herein, the computing unit45 computes the an-
gular velocity and the translation velocity from a move-
ment detected by the sensor section 3.

[0056] The transforming unit46 transforms the angular
velocity and the translation velocity into a target angular
velocity vector s and a target translation velocity vector
Vief: taking into account the image capturing angle 6 of
the image capturing section 25 formed by the joint section
26, further transforms into a velocity target value P of
the displacing mechanism, using these, and thereby ob-
tains a position target value Q. Incidentally, the velocity
target value P4 can be obtained from the target angular
velocity vector s and the target translation velocity vec-
tor v, for example, using the Jacobian matrix of the
holding arm unit 10. The position target value Q4 can
be obtained by computation of integrating the velocity
target value P, and then computation of inverse kine-
matics. Incidentally, the integration computation and the
inverse kinematics computation in obtaining the velocity
target value P, can be performed by a general compu-
tation method for robotics.

[0057] The drive control unit 47 makes the actuator
drive, according to the position target value Q,¢, and con-
trols the holding arm unit 10.

[0058] Transformation into the target angular velocity
vector o and the target translation velocity vector v,
by these respective units, further, transformation into the
velocity target value P, computation of the position tar-
get value Q,, and the like, which are performed using
the above, are performed in the following manner.
[0059] That is, the velocity control computing section
48 sets, by the respective units thereof, the velocity target
value P, of the image capturing section 25 of the endo-
scope 24 and further sets the position target value Q,f,
based on the instruction signal Cz1 from the upper body
gyro sensor 370of the HMD 30 representing an instruction
to increase the insertion amount of the inserting portion
of the endoscope 24 by a certain amount into the body,
or an instruction signal Cz2 representing an instruction
to decrease the insertion amount of the inserting portion
of the endoscope 24 by a certain amount, and the group
of signals GS from the gyro sensor 36 of the HMD 30
representing the angle velocity vectors of the above-de-
scribed respective directions of the head part of the op-
erator OP. In order that the image capturing section 25
ofthe endoscope 24 follows the position target value Q,f,
based on the position target value Q,, a control data
forming section 44 forms control data CD and transmits
the control data CD to the communicating section 42 to
make the pneumatic cylinder 18 and the vane motor unit
16 of the holding arm unit 10 operate

[0060] Concretely, the velocity control computing sec-
tion 48 performs computation by a later described com-
putation expression, according to respective computa-
tion steps shown in FIG. 3.
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[0061] First, the computing unit 45 of the velocity con-
trol computing section 48 computes an angular velocity
instruction vector w4 by Expression (7), based on the
group of signals GS representing the angular velocities
from the gyro sensor 36.

(7D

(,Ocmd:Kr‘(Ds .o

[0062] Herein, K, represents velocity gain represented
by a later-described matrix, and g is an angular velocity
vector of the head part obtained from the gyro sensor 36
represented by Expression (8). Herein, as the coordinate
system, the coordinate system that is set for the head
partis used. The central axis of the neck of the operator
OP shown in FIG. 1 is defined as y axis, the leftward-
rightward direction of the operator OP is defined as x
axis, and the forward-backward direction of the operator
OP is defined as z axis.

(DS:((DSX, sy, (,Osz) t...(8)

[0063] Incidentally, in Expression (8), wg,, gy, and og,
respectively represent the coordinates of x axis, y axis,
and z axis of the coordinate system that is set for the
heat part of the operator OP. Further, t represents the
matrix is a transposed matrix.

[0064] Further, it is possible to set the sensitivity of
movement by multiplying the angular velocities by a con-
stant K, expressed by Expression (9), matching the taste
of a user. The constant K, can be set to a different value
to individual direction. Incidentally, K. may be a function.
[0065] The computing unit45 limits the angular velocity
instruction vector o4 computed by Expression (7) to a
certain limit value o, by a limiter, and sets the angular
velocity instruction vector w4 to an angular velocity in-
struction vector o’ 4. That is, if the angular velocity in-
struction vector wgy,q computed by Expression (7) ex-
ceeds the limit value o, the angular velocity instruction
vector o.mqis settothe angularvelocity instruction vector
@' omg DY the limit value o);,,. On the other hand, if the
angular velocity instruction vector o, computed by Ex-
pression (7) is smaller or equal to the limit value oy, the
angular velocity instruction vector wgq is set as the an-
gular velocity instruction vector ' y,g4. This is performed
in order to prevent the holding arm unit 10 from acting at
an excessive velocity so that the image capturing section
25 does not damage internal organs. Incidentally, the
data of the value of the angular velocity instruction vector
®'¢mq iS stored in a storage section 40M. In later-de-
scribed Expression (10), the angular velocity instruction
vector @’¢yq limited by the limit value oy, is used.
[0066] Subsequently, the transforming unit 46 of the
velocity control computing section 48 transforms, accord-
ing to Expression (10), the angular velocity instruction
vector @’ ,q into local coordinates (Lx, Ly, Lz) (see Fig.
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1) of a holding arm by a transformation matrix T, and
performs multiplication by a matrix R, to thereby obtain
the angular velocity instruction vector o, of an orthog-
onal coordinate system (Cx, Cy, Cz) at the tip end portion
of the endoscope 24 (Expression (10)). Coordinate axis
Cz of the orthogonal coordinate system is taken along
the central axis line G of the inserting portion of the en-
doscope 24, i.e., along the forward direction or the back-
ward direction of the image capturing section 25 of the
endoscope 24. Incidentally, the transformation matrix T
is a transformation matrix for transformation from a co-
ordinate system being set for the sensor section 3 into a
coordinate system being set for the holding arm unit 10,
and is always constant. Incidentally, the transformation
matrix T is represented by Expression (11). E in Expres-
sion (11) represents a rotation matrix, and k and j respec-
tively represent rotation around z axis and rotation
around y axis. Accordingly, for example, EX2 means a
matrix for rotation around z axis by -90°.

Oref = RhReT‘(D’cmd . (10)

T = Ex™2Ei™2 , (11)

[0067] Matrix Ry, in Expression (10) is a matrix repre-
senting the attitude of the holding arm unit 10, and can
be obtained by computation of forward kinematics in the
Expression (12) below from a displacement q by the dis-
placing mechanism. Incidentally, E in Expression (12)
represents a rotation matrix; i, j, and k respectively rep-
resent rotations around x axis, y axis, and z axis; and q1,
g2, and g4 respectively represent displacements by the
displacing mechanism (see FIG. 1).

Rn = Eial Eja2 Ekat |, (12)

[0068] Herein, in the endoscopic operating system 1
in the present embodiment, matrix R is introduced in
Expression (10) in order to enable intuitive operation, re-
gardless of the image capturing angle 0 of the endoscope
24,

[0069] R.is a matrix representing the image capturing
direction of the image capturing section 25. R is an iden-
tity matrix for a straight scope for example, and is ex-
pressed by Expression (13), making the image capturing
angle as 6, if the image capturing angle is downward for
example. For example, for a 30° oblique scope, R; can
be represented with 6=n/6. Herein, j in Expression (13)
is the same as described above.

R.=Ei°...(13)

[0070] In the present embodiment, by introducing ma-
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trix R, in Expression (10), the upward-downward and left-
ward-rightward directions in the screen of the display sec-
tions 32 of the HMD 30 and upward-downward and left-
ward-rightward directions of the head part of the operator
OP always agree with each other, regardless of theimage
capturing angle of the image capturing section 25. That
is, the coordinate system that is set for the head part at
the HMD 30 and the coordinate system that is set for the
image capturing direction of the image capturing section
25 always agree with each other. Accordingly, regardless
of the image capturing angle of the image capturing sec-
tion 25, an image displayed on the display sections 32
of the HMD 30 follows the movement of the head part of
the operator OP, which always enables intuitive opera-
tion.

[0071] Incidentally, in the above-described example,
the angular velocity instruction vector o’,,q is trans-
formed into the local coordinates (Lx, Ly, Lz) of the hold-
ing arm unit 10 by the transformation matrix T and is
further multiplied by matrix R, and matrix R to obtain the
angular velocity instruction vector m, in the orthogonal
coordinate system (Cx, Cy, Cz) at the tip end portion of
the endoscope 24, however, the invention is not limited
to this example. It is also possible to omit transformation
from the local coordinates (Lx, Ly, Lz) of the holding arm
unit 10 to the orthogonal coordinate system (Cx, Cy, Cz)
at the tip end portion of the endoscope 24. For example,
in a case of viewing an image displayed on the display
sections 32 of the HMD 30 as an external CRT image.
In enabling superimposing of this CRT image and a CT
image, itis possible to omit transformation from the local
coordinated (Lx, Ly, Lz) of the holding arm unit 10 to the
orthogonal coordinate system (Cx, Cy, Cz) at the tip end
portion of the endoscope 24.

[0072] Subsequently, according to Expression (14),
the transforming unit 46 transforms the angular velocity
instruction vector o into a target translation velocity
vector v, atthe tip end portion (the image capturing sec-
tion 25) of the endoscope 24. In more detail, the angular
velocity instruction vector o, is transformed into an an-
gular velocity instruction vector Vyy having components
inthe upward-downward direction and leftward-rightward
direction with respect to the target velocity at the tip end
of the endoscope 24 in the orthogonal coordinate system
(Cx, Cy, Cz) by taking the cross product with a vector I3
from rotation center point GP of the holding arm unit 10
to the tip end of the endoscope 24.

Vxy = Oref x1s (14)

[0073] Further subsequently, the transforming unit 46
performs computation on the target translation velocity
vector v, for adjustment by Expression (15) in order to
make the velocity of the image capturing section 25
changeable corresponding to the insertion amount of the
image capturing section 25 of the endoscope 24 into the
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body. Thus, when the insertion amount of the image cap-
turing section 25 of the endoscope 24 in the direction of
movement into the body increases, the target translation
velocity vector v',, of the image capturing section 25 of
the endoscope 24 becomes large. On the other hand,
when the insertion amount of the image capturing section
25 of the endoscope 24 decreases, i.e., when the image
capturing section 25 of the endoscope 24 is pulled off
from the inside of the body, the target translation velocity
vector vy, of the image capturing section 25 of the en-
doscope 24 becomes small.

Vig= (1 + Iy q3) Vxy ...(15)

[0074] By multiplying the respective values of Vyy by a
factor r,, dependent on the g3 (see FIG. 1) representing
the insertion amount of the tip end of the endoscope 24,
by Expression (15), the degree of dependence of the
movement amount on the screen on the degree of inser-
tionis adjusted. Thus, the movementamount of the visual
field by rotation of the head can be adjusted. Forexample,
it is possible to make the movement amount on the
screen of an object of viewing at the time when the head
is rotated be substantially constant, regardless of the
zooming position. Accordingly, the intuitiveness of oper-
ation is improved.
[0075] Herein, Ty is a constant and is set in a range
that the positive and negative of v, are not reversed. It
is assumed herein that g3 is positive for the direction in
which the endoscope 24 is inserted from the midpoint
and negative for the direction in which the endoscope 24
is pulled off. The center of the movable range of g3 in
FIG. 1 is defined as the midpoint and the midpoint is set
to zero. Incidentally r,, may be a function.

[0076] On the other hand, according to Expression
(16), the computing unit 45 of the velocity control com-
puting section 48 computes the translation velocity
(translation velocity vector v,,4) along the Cz coordinate
axis (see FIG. 1) of the image capturing section 25 of the
endoscope 24, based on the velocity v, in the forward-
backward direction of the head part obtained from the
upper body gyro sensor 37.

[0077] Incidentally, in Expression (16), K, represents
gain having been set by a user such as the operator OP,
and t means the same as described above.

Vemd = (O, O, Kz\/Z) t ...(16)

[0078] Further, in the computing unit 45, a target ve-
locity instruction vector v,y computed by Expression
(16) is limited to a certain limit value vy, by a limiter, and
is set to a target velocity instruction vector v’ ;4. In more
detail, if the target velocity instruction vector v,4 com-
puted by Expression (16) exceeds the limit value vj,,, the
target velocity instruction vector vgq is set by the limit
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value vy, to the target velocity instruction vector v’ ...
On the other hand, if the target velocity instruction vector
Vemg computed by Expression (16) is lower than or equal
to the limit value vj,,, the target velocity instruction vector
Vemd 1S set as this target velocity instruction vector v’ ..
This setting is performed to prevent the holding arm unit
10 from acting at an excessive velocity. By restricting the
operation of the holding arm unit 10 to prevent operation
at an excessive velocity, itis possible to improve the safe-
ty so as to prevent the endoscope 24 from hitting against
an internal organ and damaging it. In the later-described
Expression (17), the target velocity instruction vector
V'emg limited by the limit value vy, is used.

[0079] Subsequently, the transforming unit 46 trans-
forms the obtained target velocity instruction vector v’ ¢
to the target translation velocity vector v, of the image
capturing section 25 of the endoscope 24, according to
Expression (17). Thus, it is possible to make the forward-
backward movement of the head and the forward-back-
ward movement of the endoscope 24 agree with each
other. Herein, matrix R;,, matrix R;, and transformation
matrix T mean the same as the above described.

Vref = Rh Re T+ V’cmd (17)

[0080] Matrix R is also introduced to Expression (17).
Consequently, the upward-downward direction and the
leftward-rightward direction in the screen on the display
sections 32 of the HMD 30 and the upward-downward
direction and the leftward-rightward direction of the head
part of the operator OP always agree with each other,
regardless of the image capturing angle of the image
capturing section 25. That is, the coordinate system that
is set for the head part at the HMD 30 and the coordinate
system that is set in the image capturing direction of the
image capturing section 25 always agree with each other.
Accordingly, an image displayed on the display sections
32 of the HMD 30 follows the movement of the head part
of the operator OP, regardless of the image capturing
angle of the image capturing section 25, which always
enables intuitive operation.

[0081] Then, further, in order to adjust the velocity of
the image capturing section 25 so that the velocity be-
comes changeable, corresponding to the insertion
amount of the image capturing section 25 of the endo-
scope 24 into the body, the transforming unit 46 com-
putes a target translation velocity vector v’, by Expres-
sion (18), using the target translation velocity vector v
obtained by Expression (17). Incidentally, in Expression
(18), r, may be either a constant or a function. Herein
means the same as described above.

sq3

V2= (1 —1.q3) Vet ...(18)

[0082] The upward-downward and leftward-rightward
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action (movement of the rotations q4, g, of the holding
arm unit 10) (see FIG. 1) is magnified in zooming in (in
deepinsertion) and reduced in zooming out. The forward-
backward movement (movement of g3 in insertion of the
endoscope 24 of the holding arm unit 10) acts the oppo-
site. Thus, the magnification amount of a viewed object
on the screen in zooming can be made substantially con-
stant, regardless of the zoom position. Further, as the
zoom movement amount in deep insertion becomes
small, unexpected contact between the endoscope 24
and an internal organ can be avoided.

[0083] Then,usingthe targettranslation velocity vector
V’xy obtained by Expression (15) and the target transla-
tion velocity vector v’, obtained by Expression (18), the
transforming unit 46 adds the velocity components in the
upward-downward direction and in the forward-backward
direction, according to Expression (19) to thereby obtain
the final velocity target value P at the tip end (image
capturing section) of the endoscope.

Pref = V’xy + V’z (19)

[0084] Further, subsequently, as described above, the
transforming unit 46 performs integration computation on
this velocity target value P in a general manner and
obtains a position target value Q. by computation of
inverse kinematics.

[0085] Then, the drive control unit47 drives the above-
described actuator, according to the position target value
Q¢ Obtained in such a manner.

[0086] Incidentally, in the above-described example,
the roll component (action of inclining the neck) of the
rotation velocity of the head part of the operator OP is
given from the roll component of the above-described
angular velocity instruction vector w’;4 directly as the
target velocity of the roll g4 of the endoscope, however,
the invention is not limited to this example. Further, this
action may be made ineffective.

[0087] Further, although, in the above description, an
instruction of the forward-backward direction is made by
a foot switch, the invention is not limited to this manner.
As another manner, generation of a forward-backward
direction instruction value by an accelerator sensor, an
optical flow, measurement of the skin displacement or
muscle potential in the vicinity of the glabella may be
performed.

[0088] Effects obtained by using the ON-OFF switch-
ing foot switch 50 include the flowing. When it is desired
not to operate the endoscope 24, the head can be freely
moved by switching off the ON-OFF switching foot switch
50. Further, for example, in moving the endoscope 24 to
the right with the switch ON, even when the own head
has reached the right movable limit, the endoscope 24
can be further moved to the right by turning the switch
OFF andreturning the head to the left first and then tuning
the switch ON. Still further, as long as the switch is not
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turned ON, as the endoscope 24 does not move in as-
sociation with the head, itis possible to avoid unexpected
operation or action.

[0089] The above-described endoscopic operating
system 1 according to the invention transforms the move-
ment of the operator OP into a target angular velocity
vector o.; and a target translation velocity vector v, of
the holding arm unit 10, taking into account the image
capturing angle 0 of the image capturing section 25 made
by the joint section 26; further transforms into a velocity
target value P4 of the displacing mechanism, using
these; and thereafter obtains a position target value Q,
from this velocity target value P, to drive the actuator,
according to this position target value Q... Herein, as
described above, the spatial coordinates of the head of
the operator OP and the spatial coordinates of the image
capturing section 25 agree with each other, and the po-
sition variation of the image capturing section 25 corre-
spondingly agrees with the variation of the position and
the acceleration of the head part of the operator OP. In
such a manner, it is possible to perform intuitive opera-
tion, regardless of the image capturing angle 6 of the
image capturing section 25 of the endoscope 24.

[Endoscope Operation Program]

[0090] The endoscopic operating program in the
present embodiment is a program to operate the above-
described endoscopic operating system 1 in the present
embodiment. IN order to operate the endoscopic oper-
ating system 1, this program makes a computer function
as a computing unit, a transforming unit, and a drive con-
trol unit.

[0091] The computing unit, the transforming unit, and
the drive control unit for this program correspond to the
computing unit45, the transforming unit 46, and the drive
control unit 47 in the above description of the endoscopic
operating system 1. Accordingly, detailed description is
omitted here.

[0092] An endoscopic operating program according to
the invention may be recorded in a computer readable
recording medium (not shown) such as a CD-ROM, a
flexible disk, read out from this recording medium by a
recording medium driving device (not shown), and in-
stalled on a storage unit, not shown, to be executed.
[0093] Further, if a computer (client) that functions as
the endoscopic operating system 1 is provided with com-
munication means such as a communication network,
the endoscopic operating program according to the in-
vention may be stored in another computer (server) con-
nected viathe communication network, and arrangement
may be made such as to download the endoscopic op-
erating program via the communication network from this
computer (server) to execute the endoscopic operating
program, or execute the endoscopic operating program
according to the invention stored in the server, so as to
transform the angular velocity and the translation velocity
into the target angular velocity vector and the target trans-
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lation velocity vector of the holding arm unit 10, taking
into account the image capturing angle of the image cap-
turing section 25 changed by the joint section 26, further
transform into the velocity target value of the displacing
mechanism, using these, and obtain the position target
value from this velocity target value to thereby drive the
actuator. In this case, a result of numerical analysis may
be stored in a storage unit (not shown) provided in the

server.

Description of Reference Symbols

[0094]

1: endoscopic operating system
: sensor section

10:  holding arm unit

25:  image capturing section

26: joint section

40:  control section

45:  computing unit

46:  transforming unit

47:  drive control unit

Claims

1. An endoscopic operating system, comprising:

a sensor section for detecting movement of at
least one of a head part and an upper body of
an operator;

a control section for driving one or more actua-
tors, corresponding to the movement detected
by the sensor section;

a holding arm unit supported to be reciprocata-
ble and rotatable by the actuator and one or
more displacing mechanisms connected to the
actuator;

an image capturing section provided at an arbi-
trary part of the holding arm unit through a joint
section capable of freely change an image cap-
turing angle by the actuator; and

a display section for displaying an image cap-
tured by the image capturing section on a
screen,

wherein the control section includes:

a computing unit for computing an angular
velocity and a translation velocity from the
movement detected by the sensor section;
a transforming unit for transforming the an-
gular velocity and the translation velocity in-
to a target angular velocity vector and a tar-
get translation velocity vector of the holding
arm unit, taking into account the image cap-
turing angle of the image capturing section
by the joint section, and further performing
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transformation into a velocity target value
of the displacing mechanism by using the
target angular velocity vector and the target
translation velocity vector in order to obtain
a position target value from the velocity tar-
get value; and

a drive control unit for driving the actuator
according to the position target value.

The endoscopic operating system according to claim
1,

wherein spatial coordinates of the sensor section for
detecting the angular velocity and the translation ve-
locity of the head part of the operator are spatial co-
ordinates with a central axis of the neck of the oper-
ator as y axis, leftward-rightward direction of the op-
erator as x axis, and forward-backward direction of
the operator as z axis,

wherein special coordinates of the image capturing
section are spatial coordinates with leftward-right-
ward direction of the image capturing section as x
axis, upward-downward direction of the image cap-
turing section as y axis, and optical axis direction of
the image capturing section as z axis, and

wherein control is performed to make variation of
position and acceleration of the head part of the op-
erator and corresponding position variation of the
image capturing section are the same, regardless of
a bending state of the holding arm unit and the joint
section.

The endoscopic operating system according to claim
2,

wherein in performing the control, the image captur-
ing angle of the image capturing section is repre-
sented by a matrix, and the matrix is used in coordi-
nate transformation from the variation of the head
part of the operator into position variation of the hold-
ing arm unit and the joint section.

The endoscopic operating system according to any
one of claims 1 to 3,

wherein the transformation unit transforms the an-
gular velocity and the translation velocity into the tar-
get angular velocity vector and the target translation
velocity vector of the holding arm unit, based on fol-
lowing Expressions (1) and (2).

Oref~Rh Re T - @Wema .. (1)

Veef = RhRe T - Vemd (2)

where in Expressions (1) and (2),
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,¢f FEpresents a target angular velocity vector
of the holding arm unit,

Vief FEpresents a target translation velocity vec-
tor of the holding arm unit, and

Ry, represents a matrix representing attitude of
the holding arm unit and is obtained by compu-
tation of forward kinematics of Expression (3)
below from displacement by the displacing
mechanism,

R. represents a matrix representing image cap-
turing angle 6 of the image capturing section and
expressed by Expression (4) below,

T represents a transformation matrix for trans-
formation from a coordinate system that is set
for the sensor section into a coordinate system
that is set for the holding arm unit,

®'¢mq 1S Obtained by limiting an angular velocity
instruction vector o,y of the holding arm unit
by a limiting value, the angular velocity instruc-
tion vector o.mq being expressed by Expression
(5) below, and

V'omd IS obtained by limiting a translation velocity
instruction vector v.4 of the holding arm unit
by a limiting value, the translation velocity in-
struction vector v.,q being expressed by Ex-
pression (6) below.

Ri = Eial Eia2 Eka4 _, (3)

Re=E?° ...(4)

®emd = Kr - 0 (5)

Vemd— (O, O, K, VZ) t (6),

where in Expressions (3) to (6),

E represents a rotation matrix,

i, j, and k respectively representrotations around
X, Y, and z axes,

q1, g2, and g4 represent respective displace-
ments by the displacing mechanism,

0 represents the image capturing angle of the
image capturing section,

K, represents a factor matrix representing a ve-
locity gain,

g represents a three dimensional angular ve-
locity vector detected by the sensor section,
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24

K, represents a gain that is set by a user,

v, represents a velocity in head part forward-
backward direction, and

t represents that the matrix is a transposed ma-
trix.

5. An endoscopic operating program for operating the
endoscopic operating system according to claim 1,
wherein the program causes a computer to serve as:

a computing unit for computing an angular ve-
locity and a translation velocity from a movement
detected by the sensor section;

a transforming unit for transforming the angular
velocity and the translation velocity into a target
angular velocity vector and a target translation
velocity vector of the holding arm unit, taking
into accountimage capturing angle of the image
capturing section by the joint section, and further
performing transformation into a velocity target
value of the displacing mechanism by using the
target angular velocity vector and the target
translation velocity vector in order to obtain a
position target value from the velocity target val-
ue; and

a drive control unit for driving the actuator, ac-
cording to the position target value.
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